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@ The cloning and utilization of aminotransferase genes. 

@ A composition of matter comprising plasmids contain- ' 
ing genes coding for the synthesis of aminotransferases was 
constructed. These plasmids are used in a method for 
synthesizing increased concentrations of aminotransferase 
enzymes and for the improved synthesis of amino ecids in 
cells having the transamination reaction rate-limiting. 
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g^gr d of the Invention 



riald of the Invention 

This invention involves the construction ana us. o£ 
genetically engineer plasmids. These plasmids are 
constructed using restriction endonucleases to contain the 
g - n .s coding for the aminotransferase ensy.es used during 
tb. synthesis of amino acids. These plasmids promote the 
sy „thesis of aminotransferases in bacterial cells. Thrs 
synthesis allows increased yields of aminotransferase 
ensy».s and the .limination of the aminotransferase 
taction as a rate-limiting step in amino acid 
biosynthesis. 

DescriDtion_of_«ie_Pr^^ 

The translation of amino acid precursor molecules by 
^transferase enzy.es is reviewed by Umbarger (Ann. 
Rev Biochemistry. 47:533-606.1978. larger at p. 534 
indicates he is reviewing principally the gram-negative 
bacteria Esch^ricMa_^oli and Salmc^ella.^^ 
bu t that their pattern of amino acid synthesis and 
regulation is not always the universal pattern, 
^transferase and transaminase are used as e^ivalent 
terms in this document. Present aminotransferase 
nomenclature defining the transaminases A, B and C and the 
evolution of this „menclature is discussed by Umbarger at 
p 550-552 and p. 531-582. To avoid the potential 
• confusion of the transaminase A. B. C designation we will 
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use the genetic terminology of aspC , tyr B and ilv E gene 
products as defined by Umbarger at p. 582. The asp C gene 
product will catalyze the transamination of amino acid 
precursors to produce aspartate, glutamate, phenylalanine 
and tyrosine. The tyrB gene product will catalyze the 
transamination of amino acid precusors to produce 
phenylalanine, tyrosine, glutamate , aspartate and 
leucine. The ilvE gene product will catalyze the 
transamination of the amino acid precusors to produce 
isoieucine, valine, leucine, phenylalanine, glutamate and 
alanine. 

The location of the asp C, tyrB and ilv E genes on 
the genetic map of E. coli K12 strain is disclosed and 
discussed by Bachmann et al. (Microbological Reviews, 44 : 
1-56, March 1980). The aspC gene located at E. coli K12 
map position 20 minutes codes for an enzyme here called 
aspartate aminotransferase and given the Enzyme Commission 
Number E.C. 2.6.1.1 (Bachmann et al, p. 4). 

The tyr B gene located at E. coli K12 map position 91 
minutes codes for an enzyme called tyrosine or aromatic 
aminotransferase and given the Enzyme Commission Number 
E.C. 2.6.1.5 (Bachmann, et al. p. 21). The ilv E gene 
located at E. coli K12 map position 84 minutes codes for 
an enzyme here called branched-chain- amino- acid 
aminotransferase and given Enzyme Commission Number E.C. 
2.6.1.42 (Bachmann et al. p- 10). 

These two publications by Umbarger and by Bachmann et 
al. are herein incorporated by reference. 
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Amino acid transamination by asp C and tyrB gene 
products are disclosed by Gelfand et al., (J. 
Bacteriology, 130:429-440, April 1977) to be responsible 
for essentially all the aminotransferase activity 
required for the de novo biosynthesis of tyrosine, 
phenylalanine, and aspartate in E. coli K12. However, 
the presence of the ilvE gene product alone can reverse a 
phenylalanine requirement indicating it has the ability to 
transaminate a precursor of phenylalanine. 

Transducing phage lambda has been used to carry DNA 
fragments for E. coli in the asoC region (Christensen 
and Pedersen Mol. Gen Genet, 181= 548-551, 1981). The 
aspC region in bacteriophage lambda was used as a source 
of the gene for the ribosomal protein SI. Their SI gene 
was closed onto plasmids for research purposes. The aspC 
gene, however, was not cloned into a plasmid for the 
production of transaminases. The aspC region was used as 
a marker to facilitate isolation of a transducing phage in 
a tyrosine auxotroph lacking the aspC and tyrB. genes. 
This transducing bacteriophage was not suitable for 
producing high levels of aminotransferases. 

Summary of the Invention 

Applicants invention describes the isolation of the 
genes coding for the aminotransferases used during the 
bacterial synthesis of amino acids and the construction of 
plasmids containing these aminotransferase genes. 
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Applicant's plasmids contain one or more copies of the 
asp C, tyrB or ilv E genes. Applicant's invention 
describes a use for these aminotransferase genes in the 
synthesis of increased enzyme concentrations of the 
aminotransferase in bacterial cells. Applicant's 
invention describes a method for the production of 
increased amounts of aminotransferases. Applicant's 
invention describes a method of improved amino acid 
synthesis where the aminotransferase catalyzed reaction is 
rate limiting. Applicants invention describes a method 
for the increased synthesis of L-phenyl alanine wherein the 
aminotransferase catalyzed transamination of phenylpyruvic 
acid to phenylalanine is rate-limiting. Applicant's 
invention describes the nucleotide sequence of the tyr B 
gene encoding the enzyme aromatic aminotransferase. 
Applicant's invention describes the amino acid sequence of 
the aromatic aminotransferase encoded by the gene tyr B. 

The aminotransferase genes, asp C, tyr B, ilvE , code 
for the synthesis of the aminotransferases which catalyze 
the transamination of the carbonyl precursors of amino 
acids. Asp C gene codes for the transaminase A (aspartate 
aminotransferase) (EC2. 6.1.1) and is catalytically active 
during the synthesis of aspartate, glutamate, 
phenylalanine and tyrosine. The tyr B gene codes for 
tyrosine or aromatic aminotransferase (EC 2.6.1.5) and is 
catalytically active during the synthesis of 
phenylalanine, tyrosine, glutamate, aspartate and 
leucine. The ilv E gene codes fcr transaminase B and is 
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catalytically active during the synthesis of isoleucine, 
valine, leucine, phenylalanine and glutamate. When the 
transamination reaction in bacterial amino acid synthesis 
becomes rate-limiting, the presence of these plasmid-borne 
aminotransferase genes allows for the synthesis of 
additional aminotransferases. Aminotransferase synthesis 
sufficient to overcome the rate limitation results in an 
increased rate of amino acid biosynthesis. 

These plasmids are used to increase the total quantity 
of aminotransferease present in a cell and it may be used 
as follows* -The transamination reaction may be used 
within the cell, in a cell extract, or the extract can be 
utilized for further purification of the specific 
aminotransferease and then used in a purified state. 

Objects of the Invention 

It is an object of this invention to construct an 
extra-chromosomal element, such as a plasmid, that 
contains one or more genes capable of coding for the 
synthesis of an aminotransferase. 

Another object of the invention is to construct a 
plasmid containing one or more of the following 
aminotransferase genes; asp C, tyrB or ilvE. 

Yet another object of the invention is a method for 
the synthesis of aminotransferases. 

Still another object of the invention is a method for 
the synthesis of an aminotransferase that is the product 
of the asp C, tyr B or ilvE gene. 
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Another object of the invention is a method of 
increasing the rate of transamination of receptive amino 
acid precursor molecules accomplished by the insertion of 
a plasmid contaianing the aspC , tyr B or ilv E gene into 
a microorganism, followed by the synthesis of a 
physiologically effective concentration of 
aisinotransferease resulting in an increased rate of amino 
acid synthesis. 

Still another object of the invention is a method of 
increasing the transamination of pheny Ipyruvi c acid by the 
aminotransferases coded for by plasmids containing the 
aspC, tyrB or ilv E genes and expressed in a 
microorganism. 

Yet another object of the invention is a method of 
increasing the synthesis of an amino acid in a cell where 
the aminotransferase is a rate-limiting enzyme which is 
accomplished by the introduction and expression of a 
plasmid containing one or more aminotransferase genes. 

Still another object of the invention is the increased 
synthesis of phenylalanine from pheny lpyruvic acid by the 
introduction and expression of a plasmid containing an 
aminotransferase gene in a microorganism wherein the wild 
type transamination of phenylpyruvic acid is a 
rate-limiting step in the synthesis of phenylalanine. 

Another object of the insertion is the increased 
synthesis of tyrosine from p-hydroxyphenylpyruvate by the 
introduction and expression of a plasmid containing an 
aminotransferase gene in a microorganism wherein the wild 
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type transaminase of p-hydroxyphenylpyruvic acid is a 
rate- limiting step in the synthesis of tyrosine. 

Still yet another object of the invention is the 
introduction and expression of a plasmid containing an 
aminotransferase gene in an enteric microorganism, one 
such microorganism being Escherichia coli. 

Description of th e Drawings 

Figure 1 describes the biosynthetic pathway for the 
synthesis of the aromatic amino acids tyrosine, 
phenylalanine and tryptophan. 

Figure 2 is a native protein gel electropherogram 
shoving the presence or absence of the aminotransferases 
encoded by tvrB , aspC or ilvE genes in various 
bacterial strains. 

Figure 3 describes the DNA nucleotide sequence of the 
EcoRI-BamH I fragment carrying the tvrB gene. 

Figure 4 describes the amino acid- sequence of the 
aminotransferase encoded for by the tyrB gene. 

Figure 5 illustrates an E. coli Flowchart showing 
intermediate strains and processes resulting in deposited 

strain HW159. 

Figure 6 illustrates the modification of the tyrB+ 

plasmid. 

Figure 7 illustrates the restriction map of the 
plasmid carrying the aspC gene. 
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Detailed Description of 
the Specific Embodiments 

The aminotransferases or tranaminases are a family of 
enzymes that covalently transfer an amino group from a 
donor molecule, such as aspartate or glutamate, to an 
acceptor cc-keto-acid precursor of an amino acid, such as 
oxaloacetic acid. The reaction is freely reversible. 
Therefore, the aminotransferases can be utilized both in 
the synthesis and the degradation of amino acids. 

Amino acid biosynthesis often requires transamination 
as the final step in biosynthesis. An example of such a 
process is the transamination of phenylpyruvic acid to 
produce phenylalanine with the simultaneous conversion of 
glutamare to c-ketoglutarate . This is shown as step 10 
in Figure 1. The biosynthesis of the aromatic amino acids 
phenylalanine and tyrosine both require the action of an 
aminotransferase as the final step. Phenylpyruvate is 
converted to phenylalanine by an aminotransferase that 
transfers an amino group from glutamate (figure 1, step 
12) . Similarly, an amino group from giu"camaue is 
transferred to 4-hydroxyphenylpyruvate to produce tyrosine 
(figure 1, step 12). Each aminotransferase has preferred 
substrates for the transamination reaction. However, 
residual activity is present on other substrates 
permitting each aminotransferase to participate in more 
than one amino acid's biosynthesis. The E. coli 
transaminase encoded by the asp C gene is active on 
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aspartate, glutamate. phenylalanine and tyrosine. The 
E . coij transaminase encoded by the tyrB gene is acuive 
on phenylalanine, tryosine. glutamate, aspartate and 
leucine. The E. coli transaminase encoded by the ilvE 
gene is active on isoleucine, valine, leucine, 
phenylalanine and glutamic acid (Umbarger at p. 582). 

It is recognized that other pathways exist for 
synthesizing tyrosine and phenylalanine in other 
microorganisms. One such pathway is found in 
cyanobacteria and P. aeruginosa and involves the 
conversion of prephenate directly to pretyrosine. 
Pretyrosine is then a substrate for conversion directly to 
tyrosine or to phenylalanine. It is recognized that 
analogous cloned transaminase genes for the appropriate 
transaminase are similarly useful in increasing the 
reaction synthesizing pretyrosine when there are excess 
levels of prephenate. This transaminase would result in 
increasing the rate of synthesis of tyrosine and 

phenylalanine. 

The enzymatic steps in the synthesis of the aromatic 
amino acids are shown in figure 1, steps 1-20. Normally 
each enzymatic step is under regulation by controlling the 
synthesis of the enzyme and/or by allosterically 
regulating the rate of enzymatic catalysis. Wild type 
microorganisms normally do not over-produce any one amino 
acid due to these controls. Mutant strains in which the 
controls. on the synthesis of a particular amino acid have 
been inactivated or by-passed may be isolated and in 



general these strains tend to over-produce that particular 
amino acid. In the case of L-phe, the regulation is of 
necessity complex, since part of its synthetic pathway is 
shared with the other aromatic amino acids L-tyrosine 
(L-tyr) and L- tryptophane (L-trp) (see Figure 1 of the 
accompanying drawings). 

In E coli, as in many microorganisms, the first step 
in the pathway is catalysed by the three DAHP synthetase 
isozymes each of which is sensitive to one of the three 
final products. In addition, the first steps in the 
pathway after the branch point at chorismate are also 
sensitive to feed-back inhibition. Anthranilate 
synthetase is inhibited by L-trp and the two chorismate 
mutase isozymes are inhibited by L-phe and L-tyr. The 
synthesis of a number of the enzymes concerned is also 
subject to regulation. The tyrosine repressor, the 
product of the tyrR gene, controls expression of DAHP 
synthetase (L-tyr) and chorismate mutase (L-tyr). The 
genes for these last two enzymes together constitute the 
tyrosine operon. The tryptophan repressor, the product of 
the troR gene, controls expression of all the enzymes of 
the trp operon which convert chorismate to L-trp. This 
regulator molecule also controls the expression of DAHP 
synthetase (L-trp). In addition, expression of the pheA 
gene which codes for the chorismate mutase (L-phe) and the 
expression of the trp operon are rendered sensitive to the 
level of L-phe. The trp operon is rendered sensitive to 
the level of L-trp by an attenuator/leader peptide control 
system. 
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Mutant strains that over-produce amino acids are often 
isolated by selecting for resistance to appropriate amino 
acid analogues. In the case of L-phe production, one may 
isolate strains derepressed for DAHP (L-tyr) and DAHP 
(L-trp) expression by selecting 3-f luro-tyrosine and 
5-methyl-tryptophan resistant mutants which generally have 
inactive. tvrR and trpR .repressors. Mutants in which the 
chorismate mutase (L-phe) is resistant to L-phe may be 
isolated by selecting for 2-thienyl-alanine resistance. A 
BAHP synthetase (L-phe) that is resistant to feed-back 
inhibition may be isolated by first constructing a mutant 
strain lacking the other two DAHP synthetase isozymes. In 
such a strain, the synthesis of L-tyr and L-trp is 
sensitive to the amount of L-phe in the medium. - Mutants 
able to grow in medium containing L-phe, but lacking L-tyr 
or L-trp, usually contain feed-back resistant forms of 
DAHP synthetase (L-phe). 

Now, a combination of these approaches will result in 
strains that over-produce L-phe. Since the synthetic 
pathway is largely shared with that of L-tyr and L-trp, 
attention must be given to the prevention of L-tyr and 
L-trp build-up if one is interested in the optimisation of 
L-phe synthesis. One simple expedient is to incorporate a 
tyrA mutation into an L-phe over-producing strain so as 
to prevent L-tyr accumulation and to avoid the unwanted 
diversion of precursors to L-phe. Similarly, a deletion 
of the entire trp operon would prevent accumulation of 
L-trp. Such mutants would, of course, have to be cultured 
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in media that included these two amino acids so as to 
permit growth. 

The combination of approaches outlined above results 
in a strain de-regulated for the synthesis of L-phe which 
accumulates that amino acid in significant amounts. Now, 
the rate limiting steps in a biosynthetic pathway are 
usually those at which control is exerted. In a 
de-regulated strain, it is likely that a new step will 
become rate- limiting. Thus, to increase the production of 
L-phe still further it is necessary to identify the new 
rate-limiting step and to increase the activity of the 
relevant enzyme. This may be done in one of three ways: 

(a) by isolating mutant strains in which the relevant 
enzyme is present in greater amounts; 

(b) by isolating mutant strains in which the relevant 
enzyme has a higher specific activity; 

(c) achieving the same end as in (a), but by cloning the 
gene for the enzyme of interest onto a suitable 
multi-copy plasmid and introducing this into the L-phe 
over-producing strain. 

If such an emzyme is not normally subject to regulation, 
isolating mutants of the first two classes may be 
difficult. The best way to achieve the increase in 
activity is to clone the gene for the relevant enzyme. 

This is achieved by ligating DNA from a suitable donor 
strain carrying the gene for the enzyme one wishes to 
clone to a suitably prepared DNA from an appropriate 
vector. One can then transform a mutant strain lacking 
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the activity of the newly cloned gene. The problem 

experimentally is to isolate the gene. If the lack of 

this activity bestows a recognizable phenotype on this 

recipient strain / such as auxotrophy for a particular 

amino acid, then one can simply select for clones carrying 

i 

the gene of interest by virtue of the ability of such 
clones to complement the. lesion in the recipient strain. 
As an alternative, the gene could be cloned first into a 
low copy number plasmid or into; a suitable bacteriophage 
vector and subsequently sub-cloned into the desired 
multi-copy plasmid. .Alternatively a strain carrying a 
suitable prophage near the gene of interest can be 
constructed and a specialised transducing phage carrying 
the desired gene isolated by inducing the lysogenic donor 
strain and using the resultant lysate to transduce the 
recipient to prototrophy. The gene of interest can then 
be sub-cloned from the DNA of this specialized transducing 
phage such as lambda. 

Should the mutation of the gene of interest not confer 
any readily identifiable phenotype, such as auxotrophy, 
then the cloning of such a gene can be effected by cloning 
nearby genes for which a selection exists and then 
screening these clones for' the presence of the gene of 
interest by assaying for the product of the desired gene 
after introducing the clones into a recipient deficient in 
that enzyme. Such an approach is facilitated by using 
methods that allow the cloning of large DNA fragments, 
such as those involving bacterio-phages or cosmids. If no 



©1168<§€> 

/A 
- 1* - 

readily selectable marker is known to be in the vicinity 
of the desired gene, then it may be possible to isolate a 
strain carrying the insertion of a readily selectable 
transposon, such as Tn 10, which encodes tetracycline 
resistance, near the gene of interest. Large DNA 
fragments containing this marker can then be cloned and 
the resultant phage or cosmids screened for the presence 
of the gene of interest. The gene could then be 
sub-cloned into a suitable high copy number plasmid. 

The following are the strain of E. coli used in the 
examples. Beside each strain designation is a summary of 
the bacterial genotype and source. The relationship of 
intermediate strains of E. coli leading to the production 

of the auxotroph HW159 which is both aspc " and tyrB~ 
is shown in Figure 5. The process which converted one 
strain to another is also summarized on the Flowchart in 
Figure 5. 

Strain HW159, the asp C~ and tvr B~ mutant was 
deposited in The American Type Culture Collection, 12301 
Parklawn Drive, Rockville, MD 20852, U.S.A. and has the 
number designation ATCC 39260. 



Strain 

HW22 

BHB2683 

EHB2690 

E107 

DG44 



MC1061 



DG30 



ES430 
HW157 



HW159 



HW225 



Tal>i:e I, ! " ' 
STRAIN fc^gX '-. : 

Genotype ..\V-: ! '-"'*' ".'■'*'■*'. . 

metE .,' ' > ' - ; ^ ; ? , - ' 

recA/Xima 434 ■ -CiaST^W Sam? 
recA/Ximm ,434 CI 857 b2 red 3 I)am25 Sam7 
thrl leuB6 thyA6, thi 1 <^a^l07 : deoCl 
lacYl tonA21 rpsL67 Sup]E:44 
hsdS thil lacYl ga4£?;xy:LS nrtll proA2 
argE3.his£4 hppT29-^ *?>f L:3 * *sx33 
supE44 re'cB?.l tzg$22 , 
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araD13 9 (ark- let* )de 
( lacIPOZY)del74. galD ga£K ^dH rpsL , 
thil ; proA2 -argE3 fci£&4 ta.pYl;;^al^ 
aral4 xyl5 rptXl r^$L31 . ^5X32^ £upE44 
recB27: xecC22 sbcBl^'fr^ 
ilvE12 tyrB509 asp€j3 V > ■ •/ 
thi malS29 relAl st>oTl/ \ T \ 
ar aD 13 9 ( ara- leu ) del769 V % y J 

( lacIPCfi2Yydel74 g^U gf 1£ "... 
hsdR rpsL aspCl3 * V\ . " i 

araD139(ararleu)del7697' 

(laclPQZY}<3el74 gall* gi&K 

hsdR rpsL aspCl3 tyrBj5Q7 

ar aD139 ( ara- leu >del76^* 

(lacIPOZY)de!74 galU ^Kv 

hsdR rpsl, aspC13 ^tybBSQT? 

recA srl;:jnlO y - • 

Prototroph WSllO- 



Source 

M. Edwards 

J. Burke 

J. Burke 

B. Bacr.r.ann 

B. Bachmann 



M. Casadaban 



B. Bachmann 



B. Bachmann 
This work 



This work 
(deposited) 

This work 
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EXAMPLES 

Construction and Use of Transaminase Plasmids 

For the purpose of exemplification, a novel strain of 
E coli that over-produces L-phe has been constructed. 
This was achieved by a multi-step process that involved 
systematically de-regulating the L-phe synthetic pathway. 
In such de-regulated strains, it has been found that the 
final step, namely the transamination of PPA to L-phe, 
becomes rate-limiting during fermentation and the PPA 
accumulates with detrimental effect. As a further 
example, therefore, the gene for the tyrosine (aromatic) 
amino-transferase from E coli has been cloned onto a 
multi-copy plasmid. Introduction of this plasmid into the 
L-phe over-producing strain reduces this build-up of PPA 
and increases the efficiency of the fermentation. As an 
additional example, the gene for the aspartate 
aminotransferase of E coli has been cloned onto a high 
copy number plasmid. This enzyme also has L-phe 
aminotransferase activity and incorporation of this 
plasmid in the L-phe over-producing strain also enhances 
the efficiency of the process. 

Strains carrying plasmids with tyr B or asoC have 
added utility in that they over-produce the relevant 
enzyme to a considerable extent. They are therefore a 
novel and useful source of these enzymes. 

The tyrB or aspC genes are also useful on a plasmid, 
in a suitable genetic background, by providing a selective 
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pressure for maintenance of that plasmid. This selective 
pressure has advantages over conventional antibiotic 
selection methods. 
Example 1 

Preparation of Plasmid DNA 

Plasmid DNA was prepared as follows (adapted from the 
method of J. Burke and D- Ish-Horowitz) (Nucleic Acids 
Research 9: 2989-2998(1981)) The desired bacterial 
strain was grown to saturation in 5ml of L-Broth plus 
suitable antibiotics- The culture was transferred to a 
15ml cores tube and the cells deposited by centrifugation 
at 10,000 RPM for 1 minute. The supernatant was decanted 
and the pellet resuspended in 500 vl of fresh solution 
I, (50 mM D-glucose. 25 MM Tris pH8.0. 10 mM EDTA and 2 mg 
Lysozyme ml-1) and then incubated at room temperature for 
5 minutes. The cells were lysed by the addition of 1 ml 
fresh solution II (containing 0.2 M NaOH and 1% SDS). 
This was mixed in gently and then incubated on ice for 5 
minutes. 750 vl of cold solution III (to 29 ml of 
glacial acetic acid add water to about 60 ml adjust the pH 
to 4.8 with 10 m K0H and make up to 100 ml) was then added 
and mixed in thoroughly. After a further 5 minutes on 
ice, the precipitated chromosonal DNA was pelleted by 
centrifugation at 10.000 rmp for 10 minutes. The 
supernatant was decanted to a fresh 15 ml corex tube and 
3.75 ml of Ethanol was added. The tube was kept on ice 
for 15 minutes. The DNA was pelleted by centrifugation at 
10.000 rpm for 10 minutes. The supernatant was then 
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^poured off ai*di the pellet thoroughly resuspended in lOmM 
Tris (ph8.0), vl of 3 M sodium acetate pH7.0 

was added and th^ "DNA transf erred^ -to an Eppendorf 
micro-test tube. The DNA was extracted twice with 200 
lil of ultra-pure phenol that contained 0.1% 8-hydroxy 
quinoline and had been pre-equilibrated twice _aa»iaot 1 m 
Tris pKS.O and once against 100 mM Tr-irs" 10 mM EDTA pH8.0. 
The residual phenol was removed by four extractions with 1 

~mi "of diethyl ether. The DNA was then^precipitated by the 
addition of 500 yl ethanol and incubation in a 
dry-ice/ethanol bath for 10 minutes. The DNA was pelleted 
by centrifugation at 10,000 rpm for 10 minutes. The 
supernatant was discarded and the pellet resuspended in 
5O0 yl of 70% ethanol in water (v/v). The DNA was 
re-pelleted by centrifugation at 10,000 rpm for 10 
minutes, the supernatant was discarded and the pellet 
containing the DNA was dried in a vacuum dessicator for 30 
minutes. The DNA was redissolved finally in 50 yl of 10 
mM Tris 1 mM EDTA and stored at -20 °C- 

This preparation generally gives about '5 yg of 
.plasmid DNA when the strains used are derived from 
MC1061. The preparations also contain considerable^ . 
amounts of RNA and so all the restriction^i^ests ' 
described in this patent also incltide f 100 yg ml-1 RNASE 
A that has been pre- treated at 90° for 15 minutes to 
destroy DNAsesi; The preparation can also be scaled up to* 
cope with plasmid isolation from 50 ml cultures. 
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Example 2 

(a) Cloning of the tyr B oene 

Isolation of cosmid clones carryi^^fyrB and DNA from 
the E coli strain HW 22 (metE) was prepared according 
to the method of Marmur (PNAS 46:453, 1960). Aliguots of 
this DNA were partially digested with the restriction 
endonuclease Sau3A as follows: The DNA (80 pg) was 
made up to «xfpl in . §au3A buffer containing 50 mM 
NaCl, 6 mM Tris-HCl (tris "(hydroxymethyl) amz*omethane 
hydrochloride) pH 7.5, 5 mM MgCl 2 , 100 pg/ml gelatin. 

The DNA solution was then- split into 8 x 50 yl 
aliquots. Sau3A (New England Biolabs) was then serially 
diluted (2-fold steps) in Sau3A dilution buffer 
containing 50 mM KC1, 10 mM Tris-HCl pH 7.4, 0.1 mM EDTA 
(ethylene diamine tetra acetic acid, disodiura salt), 1 mM 
dithiothreitol (DTT) , 200 pg/ml bovine serum albumin 
(BSA) and 50% v/v glycerol. 5 pi of each of seven 
serial dilutions along with 5 pi of undiluted enzyme 
were then added to the DNA solution. The amount of enzyme 
added ranged^from 2.5 to 0^2 u. The digestion was 
continued for 1 hour after which time the reactions were 
stopped by a five minute incubation at 65 C C. The tubes 
were th*n cooled on ice. 

Two pi aliguots of each of the digestions were taken 
and were subjected to electM^Koresis on a 0.7% w/v 
agarose gel in TBE (50 mM tris-HCl pH >>3. 50 mM boric 
acid and 1 mM EDTA) along with suitable markers. kf?t*r 
staining with ethidium bromide (1 pg/ml) for 15 minutes^ 
the gel was observed under 254 nm illumination to 
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visualise the DNA. In this way, the sample giving the 
greatest amount of material in the 45 kb size range could 
be estimated. 

The DNA from this sample was then ligated to DNA from 
the cosmid vector pEC79 which had been prepared as 
described below: 

Two 25 yg aliquots of pHC 79 DNA were completely 
digested one with the restriction endonuclease Hind III 
(EC 3.2.12.21) and the other with the restriction 
endonuclease Sai l (EC 3.1.23.37). The Hind III 
digestion was carried out in 100 yl of Hind III 
digestion buffer containing 60 mM NaCI, 7 inM MgCl 2 , 7 mM 

Tris-HCl pH 7.4, 100 pg/ml gelatin and 15 units of Kind 
III (New England Biolabs) . Incubation was at 37°C for 
one hour. The enzyme was then inactivated by heating to 
65 °C for five minutes. The Sai l digestion was carried 
out in 100 yl of Sai l digestion buffer containing 150 
mM NaCl, 6 mM Tris-ECl pH 7.9, 6 mM MgCl 2 , 6 mM 

2-mercaptoethanoi, 100 vg/ml gelatin and 25 units of 
Sai l (New England Biolabs) . Incubation was at 37°C for 
one hour. The enzyme was then inactivated by heating to 
65 °C for five minutes. . 

The two aliquots were pooled and digested with 10 
units calf intestinal phosphatase (PL Labs) at 37°C for 2 
hours to remove S x phosphates. The pooled pHC 79 was then 
adjusted to 0.3 M sodium acetate pH 7.0 and phenol 
extracted twice, followed by four ether extractions. The 
DNA was precipitated with 2.5 volumes of ethanol, washed 
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with 70% v/v ethanol, dried and finally re- suspended in 10 
mM Tris-HCl, 1 mM EDTA to a final concentration of 500 
vg/ml. The ligation reactions contained 1 pg of 
prepared pHC 79 and 1 pg of Sau3A digested E coli DNA 
in 8 pi of ligation buffer (10 mM Tris-HCl pH 7.9, lOmM 
MgCl 2 , 20 mM dithiothreitol, 25 vg/ml gelatin and 1 mK 
ATP) . The reaction mixture was incubated at 37 °C for 5 
minutes, cooled and the ligation initiated by the addition 
of T4 DNA ligase (EC 6. 5.. 1.1). 

These reactions were continued for 4 hours at 15 °C. 
Four pi aliquots of the ligation mixtures were then 
subjected to in vitro packaging into bacterio-phage X 
particles. Strains BHB 2688 and BHB 2690 were inoculated 
from NZY agar plates into 50 ml of NZY broth (containing 
10 g NZamine (from Humko Sheffield) , 5 g yeast extract and 
2.5 g NaCl/litre) and incubated with aeration at 30°C 
until the E, reached 0.3. The cultures were then 
raised to 45°C by immersion in a 60°C water bath and 
incubated at 45°C for 20 minutes without aeration. The 
two cultures were then vigorously aerated at 37 °C for 3 
hours . The two cultures were pooled, chilled to 4°C and 
harvested by centrifugation at 7000 rpm for 2 minutes. 
The pellet was washed once in 100 ml of cold M9 minimal 
medium (per liter: 6g Na £ HPO 4 , 3g KH 2 P0 4 , 0.5g 
NaCl, 1-0 NH 4 C1; adjusted to pH7 with 8 N NaOH, after 
autoclaving, sterile glucose added to 0.2% W/V, CaCl 2 
added to 0.1 mM and Mg S0 4 to 1 mM). The pellet was 
washed in 5 ml cold complementation buffer (40mM Tris-HCl 



PH 8.0, 10 mM spermidine-HCl, 10 mM putrescine-HCl, 0.1% 

V/V 2-mercaptoethanol and 7% V/V dimethyl sulfoxide) and 

pelleted at 5000 rpm for 30 seconds. The cells were 

finally resuspended in 0.25 ml cold complementation buffer 

and dispensed into 20 yl aliquots in micro test tubes. 

These were frozen immediately in liquid nitrogen and 

stored at -S0°C. 

For the packaging reaction, one 20 yl packaging mix 

was removed from the liquid nitrogen and to it was 

immediately added 1 yl of 30 mM ATP. The mix was then 

placed on ice for 2 minutes. The 4 yl aliquots of 

ligated DNA were then added and mixed thoroughly. This 

was then incubated at 37°C for 30 minutes. After 30 

minutes, 1 yl of 1 mg/ml DNAase ( Worthington) was added 

and mixed in until the sample had lost its viscosity. To 

this packaged DNA preparation was then added 200 yl of 

the strain E 107 which had been grown to an E c -- of 

600 

about 1.0 in tryptone maltose broth. MgSO^ was also 

added to a final concentration of 10 mM. The packaged 
cosmids were absorbed for 30 minutes at 30 °C after which 
time 500 yl of L-broth (Luria broth: 1% W/V 
bac to- tryptone, 0.5% W/V bacto-yeast extract, 0.5% W/V 
NaCI, 1.2% W/V glucose, pH7) was added and the incubation 
continued for a further 30 minutes at 30°C. The cells 
were then plated on L-agar containing 100 yg/ml 
carbenicillin (c-carboxy benzyl penicillin) and 
incubated at 30°C for 24 hours. 
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Carbenicillin resistant colonies were then picked to 
L-agar carbenicillin plates and incubated overnight at 
.42°C. Strain E107 (3) carries the mutation dnaB which 
renders it unable to grow at 42 °C. Thus, only those 
colonies which had acquired a cosmid clone carrying 

dnaB'*' from the wild- type donor should be able to grow 
at this temperature. In this way, 8 cosmid clones 
carrying dnaB were isolated. Since dnaB maps close to 
tyrB, the gene for the aromatic transaminase, and since 
cosmid cloning results in plasmids containing large 
inserts of donor DNA, it was reasonable to assume that 
some of the cosmid clones would also carry tyrB. That 
some of the clones did indeed carry tyr B was shown in the 
following way. 

Cosmid DNA from each of the dna B clones was purified 
and packaged into bacteriophage X particles as described 
above. The packaged cosmids were then introduced into the 
transaminase deficient strain DG 44 which carries the 
mutations tyrB and aspC. These two mutations together 

bestow a Tyr~ Asp"' phenotype on DG 44. Introduction 
of an intact tyrB gene would be expected to restore the 
ability of this strain to grow in the absence of. tyrosine 
and aspartate. Direct screening of clones for tyrB is 
not easy in this strain, since, it will not maintain 
plasmids derived from colEl, such as pHC 79. After 
introducing the cosmid clones into DG 44, therefore, 2 
hours were allowed for recombination between the tyrB 
gene on the cosmid and the mutant allelle on the bacterial 
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chromosome. The cells were then washed and plated on 
minimal medium lacking tyrosine and aspartate to screen 
for the occurrence of tyrB* recombinants. Four of the 
original dna B clones gave tyr B* recombinants in this 
screen and must therefore carry at least some of the tyr B 
gene. 

(b) Sub-cloning of restr iction fragments from cosmid cr.& 5 
clone 

The tyrB cosmid clones were of limited utility owing 
to the large size thereof which resulted in a low copy 
number. Therefore, restriction fragments carrying the 
tyrB gene were sub-cloned into the multi-copy plasmid 
pAT153, (see for example. Twigg, 

A.J., and Shenatt, D., (1980), Nature. 283, 216-218) as 
follows: Two V g aliquots of dnaB cosmid number 5 which 
carries tyrB was digested in 20 pi reaction with the 
following restriction endonucleases BamHI, Eindlll, 
Sail, Sph l, Cla l, Eco RI and BgJ.II. 

In each case, the incubation was at 37°C for one hour 
and the enzyme was inactivated by heating to 65 °C for five 
minutes. For the BamHI digestion, the reaction medium 
contained 150 roM NaCl, 6 mM Tris-HCl pH 7.9, 6 mM MgCl 2 , 
100 yg/ml gelatin and 4 units of BamHI (New England 
Biolabs). Three (3) units of Hind i I I (New England 
Biolabs) were used in 60 mM NaCl, 7 mM MgCl 2 , 7 mM 
Tris-HCl P H 7.4 and 100 yg/ m l gelatin. In the case of 
Sail/ 5 units of enzyme obtained from New England Biolabs 
were used in 150 mM NaCl, 6 mM Tris-HCl pH 7.9, 6 mM 
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MgCl . 7 mM 2-mercaptoethanol and 100 vg/ml gelatin. 
For Sphl. the reaction contained 50 mM NaCl. 6 mM 
.Tris-HCl pH 7.4. 6 mM MgClj, 10 mM 2-mercaproethanol. 
100 vg/ml gelatin and 1 unit of the Sphl enzyme (New 
England Biolabs). The reaction mixture for Clal 
digestion corresponded to that for Hindlll, digestion, 
except that the enzyme used was 3 units of Clal obtained 
from Boehringer Biochemicals. In the case of EcoRI 4.5 
units of EcoRI (New England Biolabs) were used in 100 mM 
Tris-HCl P H 7.5, 50 mM NaCl, 5 MM MgCl 2 and 100 vg/ml 
gelatin. Lastly, the reaction medium for Belli digestion 
contained 60 mM NaCl, 10 mM Tris-HCl pH 7.6. 10 mM 
MgCl , 10 mM 2-mercaptoethanol and 100 vg/ml gelatin. 

These digested DNA preparations were then subjected to 
electrophoresis on a horizontal 1% w/v low gelling 
temperature (LGT) agarose gel in TBE for 6 hours at 5 
V/cm. The DNA fragments were visualized by staining the 
gel for 15 minutes in a 1 vg/ml solution of ethidium 
bromide, followed by observation under a 366 nm UV light 
source. Individual bands were excised and stored at 4'C. 

One (1) vg aliguots of P AT153 DNA were digested with 
the same set of restriction endonucleases in 20 vl 
reactions, except for Bglll (which does not cut pAT153). 
Cosmid Bglll fragments were sub-cloned into BamHI-cut 
PAT153 (BamHI and B3III give the same 5' overhangs). 
After digestion, the linearized vector was digested with 1 
unit of calf intestinal phosphatase (PL Labs) for 1 hour, 
to remove 5' phosphates and prevent recircularization. 
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incubated at 70°C for 10 minutes to inactivate the enzyme 
and then also run on a 1% w/v LGT agarose gel as described 
for the ccsmid fragments. The band corresponding to 
plasmid linearized by each enzyme was then excised from 
the gel as described above. 

The cosmid fragments were then ligated to the 
appropriately-cut vector as follows. The eel slices were 
melted by incubation at 65 °C for 10 minutes and then 
cooled to 37°C. The melted gel slices were all about 100 
111- Two yl of vector fragment and 8 yl of a 
particular cosmid fragment were then added to 40 yl of 
pre-warmed 1.25 x ligation buffer (62.5 mM Tris-HCl pH 
7.8, 12.5 mM MgCl 2 , 25 mM dithiothreitol, 1.25 mM ATP 

and 62.5 mg/ral gelatin) and mixed thoroughly. Ligase was 
added and the reaction continued at 15 °C overnight. The 
liga-ed samples were then re-melted at 65°C for 5 minutes, 
cooled to room tempera-cure and added to 200 ul of 
competent cells of the E coli strain HW 87 which had 
been prepared as follows. An overnight culture of HW 87 
in L-broth was diluted 1:50 into 50 ml of fresh pre-warmed 
L-broth and incubated at 37°C with good aeration until the 
E 600 reached °- 6 - The cells were then pelleted by 
cent rifugat ion at 10,000 rpm for 5 seconds and resuspended 
in 25 ml of cold 50 mM CaCl 2 . The cells were left on 

ice for 10 minutes after which they were re-pelleted as 
above and re-suspended in 2 ml of cold 50 mM CaCl 2 . 

After a further 10 minute incubation at 0°C, the cells 
were competent for transformation. 
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After addition of the ligated DNA, the cells were 
incubated at 0°C for a further 10 minutes, heat- shocked at 
37°C for 2 minutes and finally mixed with 750 yl of 
pre-warmed L-broth. The cells were incubated for 30 
minutes at 37°C to allow phenotypic expression of the 
plasmid encoded fS-lactaroase gene before plating suitable 
aliquots onto L-agar plates containing 200 vg/ral 
carbenicillin. The plates were incubated at 37°C 
overnight. Colonies containing recombinant plasmids were 
identified by the sensitivity thereof to tetracycline in 
the case of fragments cloned at the Hindlll, Sail, 
SphI, BamHI and Clal sites of pAT 153. 

Recombinants isolated using the restriction 
endcnuclease EcoRI were identified by examining the size 
of the plasmids in individual colonies. This was 
performed as follows. Potential recombinant colonies were 
patched onto L-agar plates containing 200 vg/ml 
carbenicillin. These were incubated overnight at 37 °C. 
The bacteria from about 1 cm 2 of each patch were 
re- suspended in lytic mix containing 10 mM Tris-HCl pH 8, 
1 mM EDTA, 1% w/v sodium dodecyl sulfate (SDS), 2% w/v 
Ficoll and 0.5% W/V bromphenol blue (Sigma chemicals) 100 
vg/ml RNAse. This was then incubated at 65°C for 30 
minutes. Each sample was then vortex-mixed vigorously for 
30 seconds. 50 i»l aliquots of each preparation were 
then loaded onto a 1% w/v agarose gel and subjected to 
electrophoresis for 4 hours at 10 V/cm. The plasmid bands 
were stained with ethidium bromide as described above and 
visualized under 
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254 run UV illumination. Recombinant plasmids were 
identified by the reduced mobility thereof compared to 
non-recombinant controls. Using these methods, a number 
of recombinant plasmids carrying various fragments from 
the original cosmid dnaB clone were isolated. To 
facilitate the screening of these plasmids for those thai: 
carried the intact tyr B gene, a new strain carrying 

tvrB~ and aspC~ mutations was constructed. 
Example 3 

Construction of transaminase deficient strain . 

It was decided to move the already characterised 

mutations in DG 44 into a background known to allow 

maintainance of the plasmids (that of strain MC 1061). 

Bacteriophage PI was grown on a mixed culture of strain EW 

22 carrying random insertion of the tetracycline resistant 

transposon Tn lO prepared as follows: A saturated culture 

of HW22 was grown overnight in lambda YM broth (10 g bacto 

tryptone, 2.5 g NaCl and 0.2% w/v maltose per litre) . 

This was diluted x 1/100 into 100 ml of fresh pre-warmed 

lambda YM broth and incubated at 37°C until the 0D~- 

600 

reached 0.6. The cells were deposited by centrifugation 
at 10,000 rmp for five seconds and resuspended in 5 ml of 
lambda YM broth. NK 55, a bacteriophage lambda derivative 
carrying the tetracycline transposon TnlO, was then added 
to a multiplicity of infection of 0.2. The bacteriophage 
was absorbed for 45 minutes at 37°C. Then 200 ml aliguots 
were spread onto L-agar plates containing tetracycline (20 
yg/ml) and sodium pyrophosphate (2.5 mM) . The plates 
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were incubated at 37°C for 24 hours. Approximately 5,000 

Tet R colonies were pooled by washing the colonies off 
the plates using a total of 5 ml of L-broth. This was 
then diluted into 50 ml of L-broth containing 20 vg/ml 
tetracycline and grown overnight at 37°C. The TnlO pool 
was stored at -20°C after adding sterile glycerol to bring 
the concentration to 20% w/v. 

In order to grow bacteriophage PI on the TnlO pool, a 
200 ml aliquot of this glycerol; stock was diluted with 5 
ml of L-broth including 10 vg/ml tetracycline and 
incubated overnight with sOiaking at 37°C. To 0.2 ml of 

this overnight culture was .added 2 x 10 6 plague forming 
units (pfu) of phage PI clear and. 10 yl of 50 mM 
CaCl 2 . The cells were incubated;, at 37 °C for five 

minutes and then added to 5 ml of L-broth + 2.5 mM CaCl 2 

pre-varraed to 37°C. The cells were .then incubated at 37°C 
with vigorous aeration for fpur hours. The cell debris 
was removed by centrifugation at 10; 000 rpm for five 
minutes and the phage-containing supernate stored over 

chloroform at 4°C. 

This supernate was used to transduce DG 30 to permit 

growth on minimal medium lacking tyrosine and aspartate. 

(The minimal medium used: was that of Vogel and Bonner; 0.2 

g/1 MgS0 4 .7H 2 0. 2 g/1 citric acid, 10 g/1 K^H P0 2 , 

3.5 g/1 NaH 2 P0 4 .4H 2 0 and 10 mM FeCl 2 . After 

autoclaving, glucose was added to a final concentration of 
0.2% w/v along with ne cess a^ r Supplements of amino acids 

at 50 yg/ml. The Tyr^ Asp^ ttansdueltants were then 



replica-plated to the same medium including 10 pg/ml 
tetracycline to detect those transductants that had 

.simultaneously become Tet R . A number of these Tet R 

Tyr* Asp + recombinants were purified and used to 
prepare new PI lysates. Each of these eight PI 

preparations was then used to transduce DG 30 to Tet R . 

From each experiment, 50 Tet R transductants were picked 
to minimal medium lacking tyrosine and aspartate to test 
for linkage between the site of the Tn 10 insertion 
involved and asp C or tyr B. From each of these 

R 

experiments one Tet colony which remained tyr B asp C 

was purified and again used to prepare a PI lysate. These 

lysates were used to transduce MC 1061 to Tet R . Cell 
extracts from these transductants were then run on native 
polyacrylamide gels and stained for L-phe transaminase 
activity as described by Gelfand. 

The cell extracts were prepared by growing the desired 
transductants overnight in 10 ml of L-broth at 37 °C. The 
cells were harvested by cetrifugation at 10,000 rpm for 
fifteen seconds and re- suspended in 0.5-1.0 ml of 
sonication buffer depending upon the size of the pellet. 
The sonication buffer used was 25 mH Tris-HCl, 25 mM 
KE 2 P °4 pH 6 - 9 ' °' 2 m PY rid °xal phosphate, 0.5 mM 
dithiothreitol, 0.2 mM EDTA and 10% v/v glycerol. The 
cell suspensions were transferred to Eppendorf micro test 
tubes and kept on ice. Each suspension was sonicated with 
a Davies sonicator using four five-second bursts at 
setting 2. The sonicated suspensions were then cetrifuged 
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at 15,000 rpm for five minutes at 4°C to remove cell 
debris and the supematants transferred to a fresh micro 
test tube. The cell extracts were then kept on ice until 
they could be loaded on a gel or stored at -20°C. 

The native gel electrophoresis was performed as 
follows. The gel consisted of 8.5 % w/v acrylamide, 
0.227% w/v bis-acryl amide in 375 mM Tris-HCl pH 8.3. This 
acrylamide stock was de-gassed and polymerized by the 
addition of 0.05% w/v ammonium per sulfate and 0.016% w/v 
TEMED. After polymerisation, the gels were pre-run in 
37.5 mM Tris-HCl pH 8.3 for at least one hour at 4°C. 
Prior to loading the samples, the buffer was changed to 
running buffer consisting of 76.7 mM glycine, 1 mM 
Tris-HCl pH 8.3. About 50 yg protein from each cell 
extract was then loaded and subjected to electrophoresis 
at 10 v/cm for from four to six hours at 4°C. The protein 
concentration in the cell extracts was determined using 
-the Bio-Rad protein reagent method. The gels were stained 
for L-phe transaminase activity as follows. The gel was 
washed briefly in 100 mM phosphate buffer pH 7.5 and then 
immersed in 500 ml of fresh staining solution containing 
12.5 mM a-ketoglutarate, 0.2 mM pyridoxal phosphate, 0.6 
mM nitro blue tetrazolium, 0.2 mM phenazine me tho sulphate, 
30 mM L-phe and 100 mM K 2 HP0 4 pH 7.5 that had been 
pre-warraed to 37 °C. The gel was shaken gently in the 
staining solution for one hour at 37°C in the dark. The 
gel was then washed in distilled water and left in 
distilled water until it could be photographed. (See 



JL 0116860 

- 26 - 

figure 2.) This illustrates the presence or absence of 
detectable aminotransferases in various E. coli strains. 

MC 1061 extracts prepared in this v/ay gave three 
staining bands characteristic of the ilvE, asp C and 
tyr B activities. By comparing the transaminase pattern 
of extracts prepared from the transductants with that of 
MC1CS1 it was possible to detect MC 1051 recombinants 
lacking the characteristic asp C activity- 
One mutant which was devoid of aspC activity was 
purified and named HW109. This strain was then cured of 
the TnlO transposon by the method of Bochner et al 
( J.Eact 143 :926) . HW109 was grown overnight in L-broth. 

Approximately 10 6 cells per plate were spread onto 
Bochner selective medium which was prepared as follows: 
Solution A (Bacto-tryptone 10g, Bacto yeast extract 5 g / 
chlortetracycline HC1 50 nig, agar 15 g, water 500 ml) and 
solution B (NaCl 10 g, Nal^PO^.K^O 10 g, glucose 2 

g, water 500 ml) were autoclaved separately for 20 min at 
15 psi . The solutions were mixed and cooled to pouring 
temperature. 5 ml of ZnCl 2 (20 raM) and 6 ml of 2 mg 

ml 1 fusaric acid were then added prior to pouring. The 
plates were incubated for 24 hr at 37° and the fusaric 
acid resistant colonies isolated and purified by 
re-streaking on the same medium. These isolates were then 
tested for sensitivity to tetracycline. One tetracycline 
sensitive derivative of HW109 was chosen and named HW157. 

This approach did not, however, yield tyr B 
derivatives of HW 22. To isolate a strain with Tn 10 



linked to tyr B, the procedure was as follows. sQrfeifa68 60 
ES430 carries a mutation in mal B that renders it unable 
to use maltose as a carbon source. The mal B is 
reasonably closely linked with tyrB. Therefore, ES430 
was transduced with Pi grown on the random Tn 10 pool in 

HW 22 described above, selecting for Tet on maltose 
Maconkey agar plates suplemented with 10 vg/ml 
tetracycline. 

PI transductions were performed as follows. The 

recipient strain was grown in L-broth to an 0D 600 of 
about 1.0. CaCl 2 was added to a final concentration of 

2.5 mM. Phage PI clear grown on the desired donor was 
then added at a multiplicity of insertion of between 0.2 

and 1.0 (usually 10 8 pfu PI clear per ml of recipient). 
The cells were incubated at 37°C for fifteen minutes, 
centrifuged at 10,000 rpm for five seconds, washed in the 
original volume of 0.1 M citrate buffer pH 7.0 and finally 
re-suspended in citrate buffer. Suitable aliguots were 
then plated on the selective medium. 

R 

Transductants which had simultaneously become Tet 

and Mal + were picked and purified. PI lysates were then 
prepared from these strains and used to transduce DG 44 to 

Tet R . The Tet R colonies derived from each of the 
eight PI lysates were then patched onto minimal agar 
plates lacking aspartate and tyrosine. In one of these 
experiments, good linkage between Tn 10 and tyrB was 

R - 

obtained. Therefore, one Tet tyrB recombinant from 
this experiment was isolated, a PI lysate prepared from 
this recombinant and used to transduce HW157 described 
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above to Tet . Fifty of these transducants were then 
patched onto minimal agar supplemented with leucine, but 
lacking L-aspartate and L-phenyl alanine . In this way, a 

tyrB~ asp C" derivative of MC 1061 was detected. 
This strain was designated HW 158. Finally, HW159, a 
tetracycline sensitive derivative of HW158 was isolated as 
described above for the isolation of HW157. HW 159 will 
not grow on minimal medium supplemented with leucine since 
it requires aspartate and tyrosine for growth unlike the 
parental strain HC1061 which only requires leucine. 
Example 4 

Screening of sub-clones for ability to complement the tvr 
B lesion in HW 159 

All the recombinant plasmids obtained by subclcning 
DHA fragments from the dna B cosraid clone (described 
above) were introduced into strain HW 159 by 
transformation selecting on L-agar supplemented with 200 
vg/ml carbenicillin. These transformants were then 
streaked onto minimal medium supplemented only with 
leucine to test for the ability of the presence of genes 
carried by the plasmid to complement the tyr 3 lesion in 
KW 159. One sub-clone carrying a Clal fragment from 
ccsmid dnaB clone number 5- was found to restore the 
ability of EW 159 to grow on minimal medium supplemented 
with leucine and thus to carry the tyrB gene. 

Sequencing of the tyr B gene was performed by the 
method of Max am and Gilbert. The sequence of the tyrB 
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gene is shown in figure 3. Based upon this BNA sequence 
the amino acid sequence for the aminotransferase encoded 
for by tvrB could be determined using the genetic triplet 
codons. This amino acid sequence is shown in figure 4. 
Example 5 

Cloning of the aspC gene: 

As a starting point for the cloning of the asjpC gene, 

it was decided to use the specialized transducing phage 

lambda aspC2 obtained from M. Ono. The phage was prepared 

as follows. A culture of HW76, which is a double lysogen 

carrying lambda asp C .and lambda CI 857 Sam 7, was grown 

to an 0D crvni of 0.6 at 30°C. The culture was then 
600 

incubated at 45 °C for fifteen minutes to induce the 
prophage and then shaken vigorously at 37°C for three 
hours. Cell lysis was completed by the addition of 0.5 ml 
of CHC1 3 and the cell debris removed by centrifugation 

at 10,000 rpm for ten minutes. The phage was precipitated 
by the addition of NaCl to 2.4% w/v and polyethylene 
glycol (average molecular weight 6,000) to 10% w/v. The 
phage was precipitated overnight at 4°C and then pelleted 
by centrifugation at 5,000 rpm for ten minutes. The phage 
pellet was gently re-suspended in 10 ml of phage buffer 
consisting of 10 mM Tris-HCl pH 7.5, 10 mM MgS0 4 « The 

phage was pelleted by centrifugation for one hour at 
40,000 rpm and finally re- suspended in 1 ml of phage 
buffer. 

The phage was further purified by running on a CsCl 
block gradient as follows. The lral of phage was applied 
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to a two-step block gradient in cellulose nitrate tubes. 
The gradient contained 1 ml of 5M CsCl, 10 mM MgSO^, 10 

mM Tris-HCl pH 8.0 and 0.1 mM EDTA overlayed with 3 ml of 
3H CsCl, 10 mM Mg SO^, 10 mM Tris-HCl pH 8.0 and 0.1 mM 

EDTA. The gradient was centrifuged in a Beckraann SW 65 
rotor for one hour at 30,000 rpm at 20°C. The phage band 
was removed in 0.5 ml from the side of the tube using a 1 
ml syringe with a 5/8 inch (1.6 cm) 25 guage needle. The 
0.5 ml of phage was then mixed with 0.5 ml of saturated 
CsCl solution (25°C) in 10 mM Mg SO^, 10 mM Tris-HCl pH 

8.0 and 0.1 mM EDTA and mixed well in a cellulose nitrate 
centrifuge tube. This was then overlayed with 3 ml of 5M 
CsCl in 10 mM Mg S0 A , 10 mM Tris-HCl pH 8.0 and 0.1 mM 

EDTA and then 1 ml of 3M CsCl in 10 mM Mg S0 A , 10 mM 

Tris-HCl pH 8.0 and 0.1 mM EDTA. This was again 

centrifuged at 30,000 rpm for one hour at 20°C. The phage 

» 

was again removed from the side of the tube in 0.5 ml as 
before. 

^ T^ie, DNA was extracted from the phage particles as 

follows. To the 0.5 ml of phage in a 15 ml corex 

V 

centrifuge tube was added 50 yl of 2M Tris-HCl pH 8.5, 
0.2 M EDTA and 0.5 ml of formaraide was added. After 30 
minutes, 0.5 ml of water was added and the DNA 
precipitated by the addition of 3 ml of ethanol. The DNA 
was pelleted by centrifugation for five minutes at 10,000 
rpm. The supernate was discarded and the pellet rinsed 
with 70% v/v ethanol. The DNA was dried in vacuo and - 
finally dissolved in TE (10 mM Tris-ECl ana 1 mM EDTA pH 
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8.0) to give a DMA concentration of 500 vg/ml. The 
lambda aspC DNA was partially digested with the 
restriction endonuclease SauSA as described above for E_, 
coli DNA. The DMA from all of the digests were pooled 
and run on a 1% w/v low gelling temperature agorose gel in 
TBE. Also prepared and run on the same gel was 1 vg of 
pAT153 DNA completely digested with the restriction 
endonuclease BamHI and calf intestinal phosphatase as 
described above. The DNA was visualized under 366 nm U.V. 
light as described above. 

The bands corresponding to linearised pAT153 and the 
partially restricted lambda aspC DNA between 2.5 and 6kb 
were excised. The DNA was extracted from the gel as 
follows. The gel slices were melted at 65°C for five 
minutes in 15 ml convex tubes, cooled to 37°C and diluted 
with two volumes of water at 37°C. The agarose was then 
removed by the addition of an equal volume of phenol at 
37 °C and vortexing for three minutes. The phases were 
separated by cetrifugation at 10,000 rpm for five minutes 
and the upper aqueous phases removed to clean tubes. 
Three phenol extractions were performed. The final 
supernate was then extracted four times by vortexing with 
an equal amount of diethyl ether, allowing the phases to 
separate and then removing the upper ether layer. The 
volume of the remaining aqueous phase was determined and 
3M sodium acetate added to bring the salt concentration to 
0.3 M. Yeast transfer RNA was added to a final 
concentration of 5 vg/ml as a carrier. The DNA was 



0116860 

J* 
->2 - 

precipitated by the addition of 2.5 volumes of ethanol, 
overnight incubation at -20°C and centrifugation at 10,000 
rpm for 30 minutes. The pellet was washed in 70% v/v 
ethanol, re-centrifuged at 10,000 rpm for 30 minutes and 
dried in vacuo. The DNA was then dissolved in TE to 
give a concentration of about 100 yg/ml. The partially 
restricted lambda asp C DNA was then li gated to BamH I cut 
pAT153 by adding 2 pi of prepared lambda asnC DNA to 2 
yl of prepared pAT153 DNA in 4 yl of 2x ligation 
buffer (described above). This mixture was incubated at 
37 °C for five minutes, cooled to room temperature and the 
ligation started by the addition of 1 vl of T4 DNA 
ligase {New England Biolabs). The ligation was continued 
at 15°C for four hours. The entire ligation reaction 
mixture was then cooled on ice and added to 200 yl of 
competent cells prepared from strain HW 159 as described 
above. The transformation was performed as above and the 
cells plated on L-agar containing 200 yg/ml 
carbenicillin. The plates were incubated overnight at 
37°C. About 5,000 colonies were obtained. These were 
-hen pooled, washed twice in 10 ml of 0. 25% v/v NaCl and 
plated onto minimal agar containing leucine and 
carbenicillin, but lacking tyrosine and aspartate. Only 
HW 159 cells which carried a recombinant plasmid 
containing aspC could grow on this medium. 

After incubation at 37°C for twenty-four hours, about 
100 colonies were obtained. Some of these were purified 
by successive streakings on the same medium. That these 
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contained a recombinant plasmid was confirmed by running 
single colony agarose gels as described above. That the 
recombinant plasmids in these strains indeed conferred the 

Asp + Tyr + phenotype was confirmed by isolating the 
plasmids, re-transforming into HW 159 and showing that 

these transformants had become Asp + Tyr + . That the 
transformants had been altered by the presence of cloned 
asp C as opposed to tyr B was shown by running native 
acrylamide gels on cell-free extracts and staining for 
transaminase activity as described above. These 
experiments confirmed that the plasmids indeed carried an 
intact asp C gene. 

The actual level of aminotransferase activity is 
measured in arbitrary units indicating relative activity. 
Relative aminotransferase activity on various strains 
containing the tyr B and asp C genes on plasmid pAT153 is 
shown in table 2. The assay was performed using a sigma R 
aspartate transaminase assay kit. (Sigma Technical 
Bulletin No. 56-UV, revised August 1980) 
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Transaminase Levels Measured Using Aspartate As Substrate 
(Sigma Aspartate Transaminase Assay Kit) 





mg Protein 






Units/Kin. 


Relative Activitv 


MC1061 


40 


1 


KW157 


25 


0.6 


HW158 


ND 




HW158 pHC79 


15 


0.37 


HW158 ptyrB 


494 


12.3 


EW158 paspCl~l 


1733 


43.5 



Example 6 

Further Analysis of the tvrB Clone 

The Clal insert carrying tyrB is approximately 4.5 
kb. A preliminary restriction map was constructed by the 
commonly used technique of double restriction endonuclease 
digestion followed by gel electrophoresis to analyse the 
restriction fragments obtained. In one orientation (see 
figure 6) the Clal insert had EcoRI, BamHI and Nrul sites 
in positions that facilitated the reduction in plasmid 
size by in : vitro deletion. For example, the small EcoRI 
fragment was removed as follows. One ug of ptyrB DNA 
was digested to completion with EcoRI in a final volume of 
20 yl. The enzyme was inactivated by incubation at 65°. 
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for 5 minutes. A 2 ,1 aliquot of this digest was then 
diluted into 50 pi of ligase buffer, one „1 of T4 DNA 
ligase added and the DNA ligated for 16 hours at 15°. 
Ligation at this low DNA concentration leads predominantly 
to the re-circularisation of the plasmid without the small 
EcoRI fragment. The DNA was then transformed into HW87 
selecting for carbenicillin resistance as described 
above. Individual transformants were picked, purified and 
analysed on single colony lysate gels as described above. 
Most of the transformants contained plasmids that 
exhibited higher mobility than the parental plasmid 
ptyrB. Plasmid DNA from several of these clones was 
isolated and the loss of the small EcoRI fragment 
confirmed by EcoRI digestion and analysis of these digests 
by electrophoresis on a 1% agarose gel. All the deleted 
plasmids gave just one band corresponding to the large 
EcoRI fragment. of ptyrB. The parental plasmid gave the 
expected two bands. 

The EcoRI deleted ptyrB was then subjected to a 
similar series of manipulations to remove the BamHI 
fragment and this EcoRI BamHI deleted plasmid was further 
subjected to deletion using the enzyme Nrul in the 
following buffer. (100 mM NaCl 6 mM Tris P H7.4 6 mM 
MgCl 2 5 mM 6-mercaptoethanol 100 V g/»1 gelatin) All 
three plasmids were purified and used to transform HW225 
(tvrB asoC recA) to carbenicillin resistance. All the 
transformants simultaneously acquired the ability to grow 
on minimal medium in the absence of L- tyrosine and 
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L-aspartate. This demonstrates that the tyrB gene is still 
intact on all three deleted plasmids. 

The BamHI-EcoRI fragment from the double deleted ptyrB 
vas subjected to sequence analysis following the protocols 
described by Maxam and Gilbert (Haxam, A. M. , and W. Gilbert, 
1977, PNAS 51: 382-389; Maxam, A. M. , and W. Gilbert, 1977, 
KIE 65: CH 57 499-559, Part I). One substantial open 
reading frame was discovered that could code for a protein of 
380 or 396 amino acids in length. The precise start point 
for translation is not known. There is a typical ribosome 
binding site about 10 nucleotides upstream from an in phase 
GTG (valine codon) . Alternatively there is an in phase ATG 
(methionine) but this is not preceded by a typical ribosome 
binding site. The DNA sequence of the EcoRI-BamHI fragment 
and the amino- acid sequence deduced frcm it are presented in 
figures 3 and 4. 
Mao of paspC 

The restriction map of the smallest aspC sub-clone (paspC 
3-4) was elucidated by a combination of single and double 
restriction digests as described above see figure 7. The 
aspC sub-clones do not possess restriction sites that allow 
the insert to be excised cleanly since they were made by 
ligating Sau3A fragments into the BaraHI site of pAT 153, a 
procedure which does not regnerate the BamHI site. 

The pa^pC3~4 (pKE98) was used to transform the E^ coli 

prototroph KW519 and during fermentation produced levels of 

transaminase equivalent to or better than that of paspCl-1. 

The E. coli HW519 carrying pME98 has the deposit number. 

ATCC 39501. 
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Example 6 

Increased Yield of Amino Acids 

In the reactions requiring aminotransferase enzymes in 
figure 1, reactions #10 and #13, presence of additional 
aminotransferase enzymes facilitates amino acid 
synthesis. This increased level of the aminotransferase 
enzymes synthesized by the aso C, tyr B or ilvE gene 
enables a cell to overcome a rate- limited reaction at the 
transamination step. 

A plasmid of the present invention carrying the asn 
C, tyr B or ilv E gene is inserted into a bacterial cell 
by techniques well known in biochemistry. This inserted 
gene produces a messenger RNA which catalyzes the 
synthesis of increased levels of aminotransferases when 
the bacterial cell is grown in a suitable media. The 
presence of these increased levels of aminotransferases 
catalyzes increased levels of amino acids. The amino 
acids are then harvested from the cells and media by 
purification procedures well known in f ermentation science 

The addition of the tyr B containing plasmid into 
Z.Coli 13281 (U.S. Patent 2,973,304) resulted in an 11% 
increase in L-phenylalanine production as shown in Table 3 
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Table 3 

Phenylalanine Production in E. Coli 
(Strain 13231) 

No Plasmid Plus tvrB Plasmid 

L-Phe Produced 100% 111% 



Culture grown at 32°C for. 48 hours. 
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CLAIMS 

We claim: 

1. A plasraid comprising a replicating extra-chromosomal 
element containing a gene coding for the synthesis of 

-an aminotransferase. 

2. The plasmid of claim 1 wherein the said gene coding 
for the aminotransferase is asp C. 

3. The plasmid of claim 1 wherein the said gene coding 
for the aminotransferase is tyrB . 

4- The plasmid of claim 1 wherein the said gene coding 
for the aminotransferase is ilv E. 

5. A method for the synthesis of transaminating enzymes 
comprising the expression of an aminotransferase gene 
on a plasmid within a cell resulting in the synthesis 
of active aminotransferase. 

6. The method of claim 5 wherein the said 
aminotransferase is the product of the asp C gene. 

7. The method of claim 5 wherein the said 
aminotransferase is the product of the tvrB gene. 
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8. The method of claim 5 wherein the said 
aminotransferase is the product of the ilvE gene. 

9. A method of increasing the rate of transamination of a 
susceptible substrate by the gene product of the 
asjoC, tyrB or ilv E gene comprising: a) inserting a 
plasmid containing asoC, tyr B or ilvE gene into a 
microorganism, b) expressing the aso C, tvr B or ilvE 
gene in the microorganism resulting in the synthesis 

-of an active aminotransferase, c) catalysing the 
-transamination of the susceptible substrate by the 
aminotransferase . 

10. The method of claim 9 wherein the said receptive 
substrate is phenylpyruvic acid. 

11. In a method using a microorganism for producing an 
amino acid wherein the amino acid transamination 
reaction becomes rate-limiting an improvement 
comprising the introduction iirtc a microorganism of a 
plasmid containing one or mere genes coding for an 
aminotransferase capable of transaminating the keto 
acid precursors of the amino acid. 

12. Method of Claim 11 wherein the amino acid is 
L-phenylalanine and its keto-acid precursor is 
phenylpyruvic acid. 
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13. The method of claim 11 wherein the amino acid is 
tyrosine and its keto acid precursor is 
p-hydroxyphenylpyruvate . 

14. The method of claim 11 wherein the aminotransferase is 
the product of the asp C gene. 

15. The method of claim 11 wherein the aminotransferase is 
the product of the tyr B gene. 

16. The method of claim 11 wherein the aminotransferase is 
the product of the ilv E gene. 

17. In a method for producing amino acids using 
microorganisms wherein the amino acid transamination 
reaction becomes rate- limiting an improvement 
comprising the introduction into a microorganism's 
chromosome additional genes coding for a 
aminotransferase capable of transaminating the keto 
acid precursors of the amino acids. 

13. The method of claim 11 wherein the said microorganism 
is an enteric microorganism. 

19. The method of claim 19 wherein the said enteric 
microorganism is Escherichia coli . 
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20. A composition of matter comprising the Escherichia 
coli strain ATCC 39260. 

21. A plasmid of Claim 2 designated pME98 (ATCC 39501) 
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22. The plasmid of claim 3 wherein the said tvr B gene comprises the following 
nucleotide sequence: 

ATT 
TAA 
STOP 

apatt \rcGC AGPAMCGCCTTTGCCACACGTrGTACATTTGCCGTATTTMCCC 

ATTArATAGACACCAAATrCTTCACGTAGTCGGTCAACCTGAGCGGCACTTAAACCGGTATMCTGAACATGCCGCGCTG 

tSctItctSggttISgaactgcatcagcca^ 

iTTaarrAGATAATCGAAATTGCGTrCTGGCATCTCTGTGCTTMTACCTTCACCAATTCCT 
TAATTCGTCT^TTAGCTTTMCGCAAGACCGTAGAGACAC 

rArrACGCATCTCrTCTACTTCCGCCAGCCAGCTGGCTTTCMTGCCTCGTCATTCAGCACrre 

ctStgcgtagTgaag^tgaaggcggtcggtcg 

rrAAAATTCGGCGGGCTGGAGTAGTTGCGGCGMCTGTrGCTrTCAATTGCCCCAGTACGCGGCCAGCGGCTTCGGCATC 

ggt^IIgSgcScctcatcmcgccg^ 

TTCACACATAACAGAAAGTCCGCCGACGCGCTCGCCGTAMGGGAGAAAATTTTCGAGAACGMTTGCTCACCAGAGCK 
MGTCTGTA^GTCTTTCAGGCGGCTGCGCGAGCGGCATTTCCCT 

r^AATCCAGCGCTGGCMTGGCGCGMTAGCGTAGGCATCCTCTTCCATACCGGCACCAAATCCTTGATAGGCAATATCG 

S^a^gScgttaccgcgcttatcgcatccgtaggagmg 

ArrAATnGAATAAGCTCGCGGGCTTTGAGMTTTCAATCACCGCATCCCACrrGATCA 
rTTTT--CAACATGGATGCAGCMCACMTACTGCGGGCAGGTAATGTmCAGCGTCGCCMCAGGTC 

CGCCGTTAGTCGCTTCCrrCATACCAGGGGTAAGTACTCAC^ 
GCGGCAATCAGCGAAGCAGTATCGTCCCCAmATCAGTGAA 

CAGGTAGGATCGCTGACCCAGACGCCTtjATTCCGGGAAGTAGCGTTTCAGGAAATCCGCGCCCACTITCAATGCCCCGS^ 
GCCGCCAAGGGTTTGAATGGTTGCTACGCGCTGTTGTrrCAGTACCGGATGGTCCGC 

CGGCGGTTCCCAAACTTACCAACGATGCGCGACMCAMGTCATGGCCTACCAGGCGTGCrrTTGTCGTCGCCGCGTTACC 




TCCGCCACGGCTTGCAGTTCTSSAATAATTCCtfl C'l 1 C U I IGTAGTACAGACCGATACrrAAATTCAui i lb l iGCTGCG 
AGGCGGTGCCGAACGTCAACACCTTATTAAGGCAGAAGCMCATCATGTCTGGCT 

AGGGTCTrCTTTAAAACGCTCCATAAGCGTAAGAATCGGGTCGCCAGCGTAGGCGTCAAClT 11 1 GAAACACGCGATGGT 
TCCCAGMGAAATTTTGCGAGGTA^ 

START tyrB 



TCTCC 
AGAGG 
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23. The tvr B aminotransferase comprising the following amino acid sequence: 

N-VAL-PHE-GLK-LYS-VAL- ASP-ALA -TYR-ALA- 

GLY-ASP-PRO-ILE-LEU-THR-I£U-MET-GLU-ARG^^ 

ASN-LEU-SER-II£-GLY-I£0-TYR-TYR-ASN-GLU-AS^ 

ALA-GLU-ALA-GLU-AIA-ARG-LEU-ASN-AIA-GLN-PRO-M^ 

GLU-GLY-LEU-ASN-CYS-TYR-ARG-HIS-ALA-II£-AM-PRO 

VAL-I£U-LYS-GLN-GLS-ARG-VAL-ALA-THR-ILE^^ 

VAL-GLY-AU-ASP-PHE-IEU-LYS-ARG-TYR-PHE-PRO-GLU-SER-GLY-VAL-TRP-VAL-SER-ASP-PRO- 

THR-TRP-GLU-ASN-HIS-VAL-ALA-II£-P^ 

TOT-TYR-ASP-GLD-AIA-THR-ASN-GLY-^^ 

I£U-PRO-m-ARG-SER-n£-VAL-Ii*-^ 

Lltt-THR-ASN-ASP-GLN-TOP-ASP-ALA-VAL-ILE-GLl^ 

PHE -LEG-ASP-II£-AIA-TYR-GLN-GLY-P^ 

ARG-AIA-IIE-AIA-SER-AIA-GLY-LEU-PRO-ALA^^^ 

SER-IEO-TYTt-GLY-GLU-ARG-VAL-GLY-GLU-I^ 

GLY-ARG-VAL-I£U-GLY-GLN-LEU-LYS-AIA-THR-VAL-ARG-ARG-ASN-TYR-SER-SER-PRO-PRO-A 

PHE-GLY-AIA-GLN-VAL-VAL-ALA-AIA^^ 
AIA-GIB-VAL-GIJU-GM-HET-ARG-^^ 

I£U-SER-THR-GLU-^T-PRO-GIA;-ARG-ASN-PHE-ASP-TYR-I£U-I£U-ASN-GI.N-ARG-GLY 

I£ 0 -ile-a:4-ser-gk-arg-*et-cys-v^ 
ala-lys - ala- phe -ala-ala -yal-met-ter-c 
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April 16, 1984 
W/hg 286 



This is in response to the letter dated February 28, 1984 . 

E nclosed please find a better readable and complete copy of 

Fig- 1, ^hich fn " Py Goasg^spoaas to tho Fig . 1 fil e d 

■ originally 



ruuLhcron enclosed p lease find an original photograph 
corresponding to Fig. 2 ac filed originn T ly ., 



With respect to Fig. 6 the informal drawing filed originally 
did not contain the Fig. 1 on the right circle. This Fig. l f 
however, is obvious from the Figs. 2 to 5 outside the same 
circle and the Figs, used on all the other circles. Adding 
this Fig. 1, therefore, should be considered as an amendment 
of an obvious clerical error. J . f derirP^ toev^ Jt„ . nTs o 
may bo renoved again by tho EPO >- 
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At the top right corner after the word "INSERT" the informal 
drav/ing in addition had parts of the word "fragment". -Al Go- 
thic iaay bo added or bo removed at the discretion of tho EPOi 

It/ therefore, is believed that the drawings now do not have 
any deficiencies' a nd dp not have any — amQr , dn\Qntc outsi d e — tho 
□copo of Rule 88 - 



The Representative 





Dr* Werner, Patent Attorney 



Ends. // 



THE HAGUE? 9 MA 



The request for/correction is allowed under 
R. 88 EPC / withlthe exception of the deleted 
points/. V / 



RECEIVING SEaiON ^ w J. D. KORVING 
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FIG. 2 
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GGATCCTGGTCATTTTATGGGGCGAAGGTTTGCCCGTAGAACGTATCGCTGAAATGACTA 60 

aagtaagcccttacgaacttattacgcgcctcacctcaagggtCgcgatgaaatacgtgg 120 01T6860 



ATTAATCGTTCTGTAATATTTGATTGTCTGTGCCGGATGCGGCGTGAATGCCrTATCCGG 180 
CCAATAAAATCC7AAAAATTCAATAAGTTGATGTTCTTTCATGCTCTTATAAAGGTCGTG 240 




CCTCTGGCGGATGTACGTTTGTCATGAGTCTCACTCTGTTGCTAATTGCCGTTCGCTCCT 3 00 



GAACATCCACTCGATCTTCGCCTTCTTCCGGTTTATTGTGTaTTAACCACCTGCCCGTAA 366 

VFQKVDAYAGDPI L 

ACCTGG AGAACCATCGCGTGTTTCAAAAAGTTGACGC CT ACGCTGG CG AC C CG ATTCTT A 420 

TLHERPKEDPRSDKVNLSIG 
CGCTTATGGAGCGTl^AAAGAAGACCCTCGCAGCGACAAAGTGAATTTAAGTATCGGTC 480 

LYYNEDGIIPQLQAVAEAEA 
TGTACTACAACGAAGACGGAATTATTCCACAACTGCAAGCCGTGGCGGAGGCGGAAGCGC 540 

RLNAQPHGASLYLPHEGLNC 

G CCTG AATG CGCAGCCTCATGGCGCTTCGCTTTATTTACCGATGGAAGGGCTTAACTGCT 600 

yrh aiapllf GADBPVLKQQ 

ATCGCCATGCCATTGCGCCGCTGCrGTTTGGTGCGGACCATCGGGTACTGAAACAACAGC 660 

RVATIQTLGGSGALKVGADF 
GCGTAGCAACCATTCAMCCCTTGGCGGCTCG^GGCATTGAAAGTGGGCGCGGATTTCC 720 

LKRYFPESGVWVSDPT W ENB 

TG AAACGCT ACTTC C CG GAATCAG GCGTCTG GGTC AG CGATC CT ACCTG GGAAAAC CA CG 780 

VAI FAGAGFEVS TYPWYDEA 

TAG CAAT ATTCGC CG GGGCTGGATTCG AAG TG AGT ACTT AC CCCTG GT ATGACGAAGCGA 840 

TNGVRFMDLLATLKTLPARS" 

CT AACGGCGTGCGCTTTAATG AC CrGTxGGCGACGCTGAAAACATTACCTGCCCGCAGT A 900 

IVLLHPCCBBPT6ADLTNDQ 

TTGTGTTGCTGCATCCATGTTGCCACAACCCAACGGGTGCCGATCTCACTAATG^ 560 

WDAVIEILKARELIPFLDIA 

GGGATGCGGTGATTGAAATTCTCAAAGC CCGCGAGCTTATTCCATTCCTCGATATTGC CT 1020 PIG. 3 

YQGFGAGHEEDAYAIRAIAS 
ATCAAGGATTTGGTGCCGGTATGGAAGAGGATGCCTACGCTATTCGCGCCATTGCCAGCG 1080 

AGLPALVSNS P SKIFSLYG E 
CTGGATTAXCCGCTCTGGTGAGCAATTCGTTCTCGAAAATTTTCTCCCTTTAC^ 1140 

R V G G L _,g VHCEDAEAAGRVLG 
GCGTCGGCGGACTTTCTGTTA1X3TGTGAAGATCCCGAAGCCGCTGGCCGCGTACTGGGGC 1200 

QLKATVRRNYSSPP NFGAQV 
AATTGAAAG CAACAGTTCGC CGCAACT ACTC CAG C C CGC CGAATTTTG GTGCGCAGGTG G 1260 

VAAVLHDEALK ASWLAEV EE 
TGGCTGCAGTGCTGAATGACGAGGCATTGAAAGCCAGCTGGCTGGCGGAAGTAGAAGAGA 1320 

HRTRILAHRQELVKVLST EM 

TGCGT ACTCGCATTCTG GCAATG CGTC AGGAATTG GTGAAGGT ATT AAGCACAGAGATGC 1380 

PERNFDYLLNQRGMFSYTGL 
CAGAACGCAATTTCGATTATCTXSCTTAATCAGCGCGGCATGTTCA^ 1440 

SAAQ VDRLREEFGVYLIASG 
GTGCCGCTCAGGTTGACCGACTACGTGAAG AATTTGGTGTCTATCTCATC 1500 

RMCVAGLHTAHV QRVAKA FA 

GCATGTGTGTCGCCGGGTTAAATACCGCAJATGT ACA ACGTGTCGCAAAGGCGTTTG CTG 1560 

A V H **♦ 

CGGTGATGTAATGCAGGAAAGCAGGCTGGAGCTACCCyiGCCTGCAGTGAAATTAAACTGT 1620 
CGTC GCT TTCACTCTTTCT TTATAGATGATTTTTTTGATG C CATCGTTCT ACG TGAGAGA 1680 



T AATAAA CGT TGTT AGT TC V TTT ATTGTT AAG CTTATC C CAATT ATCTG 1729 

MOLECULAR WEIGHT OF PROTEIN* 43753.9 
398 AMINO ACIDS 
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AROMATIC TRANSAMINASE AMINO ACID SEQUENCE 

N - VAL - PHE - GLN - LYS - VAL -ASP- ALA - TYR - ALA - 
GLY -ASP -PRO- II£-LEU-THR-I£U-MET-GLU-ARG-PHE -LYS -GLU- ASP-PR 
ASN-LEU-SER-ILE-GLY-I£U-TO*-TYR-ASN-GLU-ASP-GU 
AIA-GLU-AU-GLU-AIA-ARG-LEU-ASN-ALA-G^^ 
GLU-GLY-I£U-ASN-CYS-TYR-ARG-HIS-AIJL-I^ 

VAL- LEU - LYS - GLN - GLN - ARG - VAL - ALA-THR - 1 LE -GLN -THR - LEU - GLY - GLY - SER - GLY - ALA - LEU - LYS - 
VAL- GLY - ALA -ASP- PHE - LEU- LYS - ARG -TYR - PHE - PRO - GLU - SER -GLY - VAL -TRP - VAL - SER-ASP - PRO - 
THR-TRP-GLU-ASN-HIS-VAL-AIA-II£-PHE-^ 

TRP-nil-ASP-GLU-AIA-THR-ASN-GLY-VAL-ARG-PHE-ASN-ASP-I^U-I£U-AM 

IZU-PRO-ALA-ARG-SER-IIZ-VAL-I£U-LEU-HIS-PRO-CYS-CYS-HIS-ASN-PRO-Tim-GLY-ALA-A 

I£U-THR-ASX-ASP-GIS-TRP-ASP-AIA-^ 

PHE-LEU-ASP-II£-AIA-TO*-GI^^ 

ARG-ALWI£-AI^-SEE-AI^-GLY-LEU-PRO-AI^-LEU^ 

SER - LEU -TYR -G LY - GLU - ARG - VAL- GLY - GLU - LEU - SER - VAL - MET - C YS - G LU - A S P - ALA - GLU - ALA - A LA - 
GLY- ARG - VAL- LEU-GLY - GLN- LEU-LYS - ALA -THR -VAL - ARG - ARG - ASK -TYR- SER - SER- PRO -PRO - ASN - 
PHE -GLY - ALA -GLN - VAL- VAL-ALA - ALA- VAL-LEU - ASK - ASP - GLU - ALA - LEU - LYS - ALA- SER -TRP - LEU- 
ALA - GLU - VAL- GLU -GLU - MET - ARG -THR - ARG - 1 LE - LEU - ALA - MET - ARG - GLN - GLU - LEU - VAL - LY S - VAL- 
I£U -SER -THR -GLU -MET- PRO -GLU -ARG -ASN -FKE -ASP -T^ 
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